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Abstract
Background: There is little information about height and weight status of Palestinian adolescents. The objective of this
paper was to assess the prevalence of stunting, underweight, and overweight/obesity among Palestinian school
adolescents (13-15 years) and associated sociodemographic factors in 2 major governorates in the West Bank.
Methods: A Cross-sectional survey was conducted in 2005 comprising 1942 students in 65 schools in Ramallah and
Hebron governorates. Data was collected through self-administered questionnaires from students and parents. Weights
and heights were measured. Overweight and obesity were assessed using the 2000 Centers for Disease Control and
Prevention (CDC) reference and the International Obesity Task Force (IOTF) criteria. Stunting and underweight were
assessed using the 2000 CDC reference.
Results: Overweight/obesity was more prevalent in Ramallah than in Hebron and affected more girls than boys. Using
the 2000 CDC reference, the prevalence of overweight and obesity in Ramallah among boys was 9.6% and 8.2%,
respectively versus 15.6% and 6.0% among girls (P < 0.01). In Hebron, the corresponding figures were 8.5% and 4.9% for
boys and 13.5% and 3.4% for girls (P < 0.01). Using the IOTF criteria, the prevalence of overweight and obesity among
boys in Ramallah was 13.3% and 5.2%, respectively versus 18.9% and 3.3% for girls. The prevalence of overweight and
obesity among boys in Hebron was 10.9% and 2.2%, respectively versus 14.9% and 2.0% for girls. Overweight/obesity
was associated with high standard of living (STL) among boys and with the onset of puberty among girls. More boys were
underweight than girls, and the prevalence was higher in Hebron (12.9% and 6.0% in boys and girls, respectively (P <
0.01)) than in Ramallah (9.7% and 3.1% in boys and girls, respectively (p < 0.01)). The prevalence of stunting was similar
in both governorates, and was higher among boys (9.2% and 9.4% in Ramallah and Hebron, respectively) than among girls
(5.9% and 4.2% in Ramallah and Hebron, respectively). Stunting was negatively associated with father's education among
boys and with urban residence, medium STL and onset of puberty among girls.
Conclusion: Under- and overnutrition co-exist among Palestinian adolescents, with differences between sexes. Region,
residence, STL, and onset of puberty were associated factors.
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Background
Malnutrition during adolescence has important short and
long-term health implications. Adolescent obesity has
been associated with adverse cardiovascular [1], meta-
bolic [2] and psychological outcomes [3]. Tracking of
obesity from adolescence to adulthood has been shown to
be high [4], and obesity in adulthood is associated with
chronic diseases and increased mortality [5]. At the same
time, undernutrition during childhood has been linked to
higher risk of obesity and chronic diseases in adulthood
[6].
The rise in obesity and chronic diseases worldwide has
been linked to urbanization, which entails nutrition tran-
sition and sedentary lifestyle [7]. Compared to western
societies, Middle Eastern countries experienced a later but
faster-paced nutrition transition [8]. Palestinian society
has also been undergoing nutrition transition [9], where
studies have shown nutrition-related chronic diseases and
their risk factors such as heart diseases, hypertension, dia-
betes, cancer, smoking, sedentary lifestyle and obesity to
be prevalent among Palestinians [9]. One study among
adults estimated combined prevalence of overweight and
obesity to be 58.7% among men and 71.3% among
women [9]. At the same time, stunting which is associated
with chronic undernutrition, has been increasing among
Palestinian children younger than 5 years of age from
7.2% in 1996 to 10.2% in 2006 [10].
Studying various aspects of the nutritional status of Pales-
tinian adolescents (10-19 years) is important as they rep-
resent about one-quarter of the Palestinian population
[11]. Studies exploring nutrition-related aspects of Pales-
tinian adolescents in the West Bank are few. One national
study which was part of the Health Behaviour in School
aged Children Survey (HBSC) was conducted in the West
Bank and the Gaza Strip in 2003/2004. In that survey,
prevalence of overweight/obesity (using International
Obesity Task Force (IOTF) criteria) was estimated at
20.4% for boys and 13.0% for girls [12]. However, calcu-
lation of body mass index (BMI) in that survey was based
on self reported weights and heights rather than on actual
measurements. Moreover, undernutrition (stunting and
underweight) was not assessed. To our knowledge, no
population based studies have reported actual measured
anthropometric data for underweight, overweight, obesity
and stunting among adolescents in the West Bank. There-
fore, there is a need to conduct such studies to be able to
identify the vulnerable groups and plan proper interven-
tion programs.
The West Bank in the occupied Palestinian territory (oPt)
is an area of 5655 square Km with 2 350 583 inhabitants
and is composed of 11 governorates (governorate is offi-
cial administrative division of the oPt) [11]. This study
was conducted in two main governorates in the West Bank
(Ramallah and Hebron governorates) chosen for their
contrasting demographic and lifestyle features and for
their importance in terms of economic status and popula-
tion size. Ramallah governorate is located in the middle of
the West Bank with 279,730 inhabitants in 2007 [11]. It
has 6 urban and 69 rural localities with 34.1% and 59.5%
of the population, respectively [13]. Ramallah city is a cul-
tural, political, and administrative center of the Palestin-
ian Authority. Hebron, which is the largest governorate in
terms of population size, is located in the southern part
with 552,164 inhabitants in 2007 [11]. It has 10 urban
and 144 rural localities, with 67.0% and 30.2% of the
population, respectively [13]. In a comparison of demo-
graphic and lifestyle characteristics such as fertility levels,
age of women at marriage, education levels, types of
employment, and the availability of modern household
amenities, Ramallah and Hebron cities represented two
distinctive modes of urban life with Ramallah being more
modernized and having a higher standard of living [14].
Corresponding rural areas showed similar pattern with
those of Ramallah having better indicators than those of
Hebron. The differences between the cities and their rural
areas in these indicators were more pronounced in Ram-
allah than in Hebron [14].
The objective of this article was to assess the prevalence of
stunting, underweight, overweight, and obesity using
actual measured weights and heights among school-based
adolescents (13-15 years) in 2 major governorates (Ram-
allah and Hebron) in the West Bank in the oPt. It also
aimed to study the associations between these anthropo-
metric measurements and selected sociodemographic
characteristics such as residential factors (region, urban-
rural), age, gender, educational level of the parents,




A list of all the students attending the 8th and 9th grades in
2004-2005 was provided by the Palestinian Ministry of
Education and Higher Education (which included
number of students per classroom). The school enroll-
ment rate for Palestinian children in the West Bank in
2007/2008 was 84.5% in the basic education stage (1st to
the 9th grade) [15]. The total number of 8th and 9th grade
students was 13011 in Ramallah and 26681 in Hebron.
The classes were divided into nine strata using school gen-
der category (single sex-boy, single sex-girl and co-educa-
tional) and school ownership type (public, United Nation
Relief and Works Agency (UNRWA), or private). The sam-
ple was selected using single stage probability propor-
tional-to-size sampling procedure from each of the nine
strata, using the class as the primary sampling unit.BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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A sample size of 1000 students in each governorate was
set to have a maximum margin of error of 2.9% in the
prevalence estimates of overweight/obesity using the fol-
lowing formula:
where p is the proportion of overweight/obesity (in this
case 18%, based on a similar study from the North Gaza
strip) [16]; DE is the design effect that is estimated at 1.5
based on previous studies in schools; the value 1.96,
assures a confidence level of 95%; and E is the expected
maximum margin of error.
As the average class size was about 31 students in Ramal-
lah and 34 students in Hebron, 65 classes were selected:
34 in Ramallah and 31 in Hebron. All students in the cho-
sen classes were invited to participate in the study.
Data Collection
The cross-sectional survey was conducted between March
and May 2005. Self administered questionnaires were
used to collect information from students and parents.
The researcher and trained field workers gave students
standardized instructions on filling in the questionnaires,
which were completed in the classroom in 1.5-2 hours.
Field workers were present during administering the ques-
tionnaires to clarify questions when needed. The students'
questionnaire included questions about age, residence,
household amenities and onset of puberty. Seven core
questions in the students' questionnaire were adapted
from the World Health Organization (WHO)-question-
naire on Health Behaviour in School-aged children
(HBSC) [17]; these were: month and year of birth, onset
of puberty, ownership of car, computer and Internet con-
nection at home. The parents' questionnaire included
household information such as family size, parents' edu-
cation, and indicators of economic situation such as the
ability to pay bills, cover family needs and having any
debts. The parents' questionnaire was taken home by stu-
dents and returned to school the following day. The stu-
dents' and parents' questionnaires were piloted and
adjusted before the survey. The students' questionnaire
was tested for reliability (one week test-retest) on a differ-
ent sample of 115 students in the same age group.
Measures
Anthropometric measures
Students' weights were measured in light clothes without
shoes to the nearest 0.1 kg using a portable scale (Seca
780/783, Hamburg, Germany). The scales were calibrated
daily at the study site with a known weight. Heights were
measured to the nearest 0.1 cm using a portable stadiom-
eter (Seca 220) mounted on the scale. Students stood up
straight in bare feet, with heels, buttocks and back touch-
ing the stadiometer. Measurements were taken once and
recorded by one trained field worker during the early
morning classes before the school recess for all students.
Intensive training was conducted before the field work to
ensure reliability of the measurements and decrease inter-
and intra field workers' errors. BMI was calculated as
weight in kilograms divided by height in meters squared.
For the purpose of regional comparisons, BMI was catego-
rized based on age-and sex-specific cut-off values of the
2000 Centers for Disease Control and Prevention (CDC)
growth charts. The categories were underweight (< 5th
percentile), normal weight (5th to 85th percentile), over-
weight (85th to 95th percentile), and obese (> 95th per-
centile) [18].
For the purpose of international comparisons, BMI was
also categorized using the IOTF criteria. Overweight and
obesity were defined as BMI cut offs corresponding to
adult cut-offs of overweight and obesity (BMI of 25 and
30 kg/m2, respectively) [19].
Stunting was defined as height-for-age below the 3rd per-
centile [18].
Sociodemographic factors
Age of the students was obtained from the date of birth
as reported by the students. Three age groups were con-
structed: age group 13: 13 years 0 months to 13 years 12
months, age group 14: 14 years 0 months to 14 years 12
months, and age group 15: 15 years 0 months to 15 years
12 months.
Urban/rural classification was based on the Palestinian
Central Bureau of Statistics (PCBS) classification which is
based on services and population size [13].
Father's educational level was divided into 3 categories
as follows: "Low": illiteracy, less than secondary school
education, "Medium": secondary school education" and
"High": college, university or higher.
Mother's educational level was constructed in the same
way as the father's, but because of few subjects in the high
educational category, the last two categories were col-
lapsed to one, that is, medium/high.
The household standard of living (STL) index was based
on household possessions. Ownership of central heating,
family car, family mobile phone, personal mobile phone,
indoor bathroom, water pipes, refrigerator, full automatic
washing machine, color TV, satellite, video, computer,
dish washer, microwave, vacuum cleaner and internet
connection were summed; each item was given a value of
1. Three categories were constructed: 'low': 0-6, 'medium':
ED E =− 19 6 1 .* ( ( ) ) / ppnBMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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7-10, 'high':11-16. The 1 week test-retest of the ownership
of these amenities showed consistent answers ranging
between 86.1% and 99.1%.
The present household economic situation index was
constructed based on 4 questions from the parents' ques-
tionnaire using a 5-point Likert Scale where 1 represented
the best situation and 5 the worst. These questions were:
"Do you have enough money to cover family needs
now?", "At the present time, do you have any debts?", "At
the present time, to what extent do you have to postpone
paying bills?", and "During the past school year, did you
have to borrow money to cover family needs?" A total
index was formulated by adding up these values. Three
categories were constructed: 'worse off': 14-20; 'medium':
7-13; 'better off': < 7. Spearman correlation between this
index and STL was 0.42 (p < 0.001).
Food availability was assessed based on the following
question from the parents' questionnaire: "Is there
enough food for all family members on daily basis now?"
Food was considered available if the family had enough
food for all members "most of the time" or "always."
Onset of puberty
Onset of puberty was assessed by the question "have you
reached puberty i.e. "have you had your first period?" for
girls and "have you noticed deepening of your voice?" for
boys. The 1 week test-retest for the onset of puberty
showed consist answers in 92.3% in boys and 95.2% in
girls.
Statistical analysis
EPI 2002 (Center for Disease Control and Prevention,
Atlanta, Georgia) was used to calculate BMI, BMI and
height percentiles. All other statistical analyses were done
using Stata 10.0 (Stata Corporation, College Station, TX)
and were adjusted for cluster sampling design. The sample
was weighed according to sample and population size
(inverse of sampling probability) in each grade and in
each governorate. χ2 tests were used to compare frequen-
cies and t-tests were used to compare means. A signifi-
cance level of 0.05 was used for all statistical analyses.
Separate analyses were run for boys and girls in each gov-
ernorate. Multivariate logistic regression analysis was used
to model the association between the outcome variables
(overweight/obesity), (underweight) and (stunting) and
selected sociodemographic characteristics. As no interac-
tions were found between region (Ramallah/Hebron) and
the rest of the independent variables in any of the models,
regression analysis was done for both regions together.
Age, region and variables with p < 0.05 in the bivariate
analysis tables for each gender in any of the two governo-
rates or in both of them combined were included in the
regression models. Colinearity and plausible interactions
between variables in the model were investigated.
Ethical considerations
Informed consent was obtained from parents, students
and school principals with standard assurances of confi-
dentiality. They were informed that answering the anony-
mous questionnaire was voluntary. Moreover, the class
teacher was not present while administering the question-
naires to assure confidentiality. The study was a collabora-
tion between the Institute of General Practice and
Community Medicine at the University of Oslo and the
Institute of Community and Public Health at Birzeit Uni-
versity. The protocol was approved by both institutes. The
study was also approved by the Palestinian Ministry of
Education and Higher Education, by UNRWA Office of
Education and by Regional Ethical Committee of Norway.
Results
Sample characteristics and response rates
Two schools in Ramallah governorate refused to partici-
pate in the study and were replaced by schools from the
same stratum of the sampling frame. In total, 2170 stu-
dents in 65 classes were invited to participate, while 2032
(93.6%) actually participated in the study. Reasons for
non-participation included: absence on the day of the sur-
vey (71) and refusal from parents or students or both
(67). The analysis presented in this paper excluded 90 stu-
dents being younger or older than the defined age groups
of 13, 14 and 15 years. The final sample thus consisted of
1942 students (95.6% of those participating). In total,
1863 (95.9%) parents completed their questionnaires. No
significant differences were found between responding
and non-responding parents (n = 79) in terms of STL, res-
idence (urban versus. rural), age groups or sex of students.
However, 75.9% of non-responding parents were from
Hebron (p < 0.05).
Table 1 shows that girls were slightly over-represented in
the sample and that the fathers of the students were more
likely to have a higher education than the mothers in both
governorates. The proportion of 8th grade students in the
sample of Ramallah governorate was higher than that in
the population, but that was not the case in Hebron (data
not shown). More adolescents were in the 13 and 14 years
age groups compared to the number in the 15 years age
group in both governorates. In Hebron, mean family size
was higher and mean STL was lower compared to Ramal-
lah. Adolescents in Hebron were more likely to be living
in urban areas (67.8% in Hebron versus 41.0% in Ramal-
lah). Hebron had a higher proportion of students coming
from households with worse off present household eco-
nomic situation index than Ramallah.BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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Stunting
The prevalence of stunting was 7.3% in Ramallah and
6.5% in Hebron governorates. In both governorates, the
prevalence of stunting was higher among boys than girls
and this difference was more pronounced in Hebron
(9.4% for boys versus 4.2% for girls, P < 0.001) (Table 2).
Among boys in Ramallah, stunting was significantly
higher among those with rural residence, low mother's
education, low household STL, lack of food availability,
and among those who had not reached puberty. In
Hebron, stunting was significantly associated with worse
off present household economic situation index (Table
3).
Among girls, the proportion being stunted was signifi-
cantly higher among those from rural areas of Ramallah,
among those who had not reached puberty in both gover-
norates and among girls with low STL in Hebron (Table
4).
Results from the multivariate regression analysis (Table 5)
in boys showed that high father's education was nega-
tively associated with stunting and that stunting was
higher among boys in the 15 years age group. Among
girls, stunting was negatively associated with urban resi-
dence, with medium STL and it was lower among girls
who have reached puberty. No colinearity or significant
interactions were detected between variables in the mod-
els.
Stunting was positively associated with underweight. Of
the stunted adolescents, 20.8% were underweight com-
Table 1: Sociodemographic characteristics of the study sample
Ramallah governorate Hebron governorate
Sociodemographic factors n = 935 n = 1007 Pa
% (n) % (n)
Gender
Boys 46.7 (437) 45.5 (458)
Girls 53.3 (498) 54.5 (549) 0.919
Location of residence
Urban 41.0 (373) 67.8 (663)
Rural 59.0 (537) 32.2 (315) 0.032
Age in years
13 41.4 (387) 32.9 (331)
14 44.5 (416) 48.0 (484)
15 14.1 (132) 19.1 (192) 0.257
Mother's education
Less than secondary school 72.7 (662) 77.2 (729)
Secondary school/college or university or higher 27.3 (249) 22.8 (215) 0.322
Father's education
Less than secondary school 61.4 (557) 66.3 (625)
Secondary school 16.7 (152) 15.3 (144)
College or university 21.9 (199) 18.4 (173) 0.299
Family size
Mean ± SD 8.1 ± 2.4 8.9 ± 2.5 0.001
1-6 persons 27.6 (240) 12.5 (118)
7-8 persons 34.7 (301) 37.6 (355)
> 8 persons 37.7 (327) 49.9 (472) < 0.001
Household STLb
Mean ± SD 9.2 ± 2.9 8.0 ± 2.8 0.002
Low (0-6) 18.3 (156) 29.5 (292)
Medium (7-10) 48.9 (418) 52.4 (518)
High (11-16) 32.8 (280) 18.1 (179) 0.003
Present household economic situation indexc
Worse off (14-20) 17.9 (159) 30.7 (283)
Medium (7-13) 56.5 (503) 54.1 (498)
Better off (4-6) 25.6 (228) 15.2 (140) < 0.001
SD: Standard deviation
aP for the comparison between governorates using χ2 tests for categorical variables and t-tests for means.
bHousehold standard of living index (STL) was based on the possession of 16 household amenities; each item given a value of 1.
cPresent household economic situation index was formulated based on 4 questions: - "Do you have enough money to cover family needs now?" "At 
the present time, do you have any debts?" At the present time, to what extent do you have to postpone paying bills?" and "During the past school 
year, did you have to borrow money to cover family needs?"BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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pared to 7.2% of the normal adolescents (p < 0.001),
while 71.5% had normal weight and 7.7% were over-
weight/obese (data not shown).
Underweight, overweight and obesity
The prevalence of underweight among adolescents was
6.1% in Ramallah and 9.1% in Hebron. In both governo-
rates, the proportion being underweight was significantly
higher among boys than girls (9.7% among boys versus
3.1% among girls in Ramallah and 12.9% versus 6.0%,
respectively in Hebron, (P < 0.01) (Table 2).
The prevalence of overweight and obesity was higher in
Ramallah than Hebron. Using the 2000 CDC reference,
the prevalence of overweight for both genders combined
was 12.9% in Ramallah and 11.2% in Hebron, while the
corresponding figures for obesity were 7.0% and 4.1%,
respectively. Using the IOTF criteria, the prevalence of
overweight was 16.4% in Ramallah and 13.1% in Hebron,
and the corresponding figures for obesity were 4.1% and
2.1%, respectively. Girls were found to be heavier than
boys in both governorates. The mean BMI percentile for
girls was well above the 50th percentile of the reference
Table 2: Sample and population size weighted results of the anthropometric characteristics of the sample of 1942 Palestinian 
adolescents from Ramallah and Hebron governorates
Ramallah Hebron
Totala Boys Girls Pb Totala Boys Girls Pb
n = 935 n = 437 n = 498 n = 1007 n = 458 n = 549
Age (years), 
mean (SE)
14.4 (0.1) 14.4 (0.1) 14.4 (0.1) 0.983 14.4 (0.1) 14.3 (0.1) 14.4 (0.1) 0.273
Age of onset of 
puberty (years), 
mean (SE)
13.1 (0.1)* 13.1 (0.1) 13.0 (0.1) 0.226 13.3 (0.1)* 13.5 (0.1) 13.1 (0.1) 0.015
Weight (kg), 
mean (SE)
53.4 (1.0) 53.5 (1.8) 53.3 (1.0) 0.899 51.1 (0.7) 50.1 (1.3) 51.9 (0.5) 0.206
BMI (kg/m2), 
mean (SE)
20.7 (0.3) 20.1 (0.4) 21.2 (0.3) 0.045 20.1 (0.2) 19.3 (0.3) 20.7 (0.2) 0.001
BMI percentile, 
mean (SE)
53.5 (2.1) 47.2 (2.4) 58.6 (2.4) 0.002 49.1 (1.8) 42.0 (2.5) 54.9 (1.5) < 0.001
BMI categories 




6.1 (4.4, 8.3)* 9.7 (7.7, 12.3) 3.1 (1.8, 5.3) 9.1 (7.1, 11.6)* 12.9 (9.5, 17.2) 6.0 (4.1, 8.7)
Overweight % 
(95% CI)
12.9 (9.7, 16.9) 9.6 (7.2, 12.7) 15.6 (10.7, 22.2) 0.005 11.2 (9.1, 13.8) 8.5 (6.0, 12.0) 13.5 (10.5, 17.1) 0.001
Obesity % 
(95% CI)
7.0 (4.7, 10.4) 8.2 (4.1, 15.7) 6.0 (3.9, 9.3) 4.1 (2.9, 5.8) 4.9 (2.8, 8.5) 3.4 (2.2, 5.6)
BMI categories 






13.3 (10.6, 16.5) 18.9 (13.5, 25.9) 13.1 (10.9, 
15.7)*
10.9 (7.9, 14.9) 14.9 (11.9, 18.6)
Obesity % 
(95% CI)
4.1 (2.4, 7.1) 5.2 (2.0, 12.9) 3.3 (2.1, 4.9) 0.182 2.1 (1.3, 3.4) 2.2 (1.1, 4.6) 2.0 (1.0, 3.9) 0.230
Height (cm), 
mean (SE)
160.0 (0.7) 162.1 (1.1) 158.3 (0.5) 0.005 159.2 (0.4) 160.3 (0.8) 158.4 (0.3) 0.027
Height for age 
percentile, mean 
(SE)
38.1 (1.6) 36.9 (2.6) 39.1 (2.1) 0.510 36.1 (1.2) 33.3 (1.7) 38.5 (1.3) 0.022
Stunting % 
(95% CI)
7.3 (5.1, 10.4) 9.2 (5.2, 15.4) 5.9 (3.9, 8.8) 0.195 6.5 (5.1, 8.3) 9.4 (7.5, 11.7) 4.2 (2.8, 6.2) < 0.001
SE: Standard error. BMI: body mass index, 95% CI: 95% confidence interval. CDC: Center for Disease Control and Prevention, IOTF: International 
Obesity Task Force.
*P < 0.05
aP is for the difference between total adolescents in Ramallah governorate and total adolescents in Hebron governorates using χ2 for categorical 
variables and t-test for means.
bP is for the difference between genders in the same governorate using χ2 for categorical variables and t-test for means.
Number of adolescents who have reached puberty: boys from Ramallah = 363, girls from Ramallah = 389, boys from Hebron = 365, and girls from 
Hebron = 465.BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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population (58.6 in Ramallah and 54.9 in Hebron); while
among boys the mean BMI percentile was below (47.2 in
Ramallah and 42.0 in Hebron) (Table 2).
Tables (3, 4) present the factors associated with over-
weight/obesity among boys and girls as defined by the
2000 CDC reference. Among boys in Ramallah, over-
weight/obesity was significantly higher among those with
high STL (25.1%) versus those with medium (15.4%) and
low STL (9.2%). A significant positive trend of increase in
overweight/obesity was noted with decrease in family
size. Among boys in Hebron, overweight/obesity was sig-
nificantly associated with urban residence, high house-
hold STL and was significantly higher among those who
have reached puberty.
Among girls, a significant positive trend of increase in
overweight/obesity was noted with decrease in family size
and increase in household STL in Ramallah but not in
Hebron. In both governorates, girls who had reached
puberty had significantly higher prevalence of over-
weight/obesity than those who have not yet reached
puberty.
Table 3: Sample and population weighted results of stunting, underweight and overweight/obesity of Palestinian boys from Ramallah 
and Hebron governorates by sociodemographic characteristics (n = 895)














Urban 197 4.8* 9.4 21.2 309 9.4 10.6 15.3*
Rural 228 13.1 9.6 15.8 133 10.6 18.9 6.8
Age in years
13 180 7.2 9.4 21.1 181 7.2 12.2 11.1
14 192 9.4 12.1 15.0 210 10.5 12.9 13.3
15 65 10.7 5.2 18.8 67 11.9 14.8 19.4
Mother's education
Low 307 10.8* 10.1 16.2 316 8.2 11.4 14.3
Medium/High 110 3.5 9.0 23.2 106 10.5 17.0 9.4
Father's education
Low 270 11.6 10.2 14.4 278 9.7 13.2 13.8
Medium 64 5.1 10.2 32.4 59 13.6 6.8 13.6
High 84 5.0 9.0 17.6 84 2.4 15.6 10.7
Family size
1-6 persons 129 5.4 6.6 25.6e 59 5.1 11.8 11.8
7-8 persons 142 10.8 11.3 20.0 166 8.4 10.2 16.9
> 8 persons 111 11.8 14.3 10.0 195 10.3 15.4 9.8
Household STLb
Low 56 15.5e 7.0 9.2* e 116 9.5 16.5 9.6
Medium 202 10.7 12.3 15.4 231 9.1 14.3 9.5
High 147 3.1 6.7 25.1 103 7.8 4.8 25.3***
Present household economic situation indexc
Worse off 68 8.8 11.0 12.8 120 13.4* 15.8 15.2
Medium 233 11.5 10.9 14.8 224 8.5 12.5 10.3
Better off 115 5.8 6.6 26.5 73 2.8 9.6 17.8
Food availabilityd
Not available 128 13.5** 13.2 11.7 193 10.9 14.5 11.5
Available 292 7.5 8.8 20.6 229 7.0 11.3 14.4
Onset of puberty
No 74 16.6* 14.2 17.2 92 15.2 25.0 7.6**
Yes 363 7.8 9.0 17.9 365 8.0 9.9 14.6
*P < 0.05 **P < 0.01 ***P < 0.001
eP for trend < 0.05
aOverweight/obesity were defined using the 2000 CDC reference.
bHousehold standard of living index (STL) was based on the possession of 16 household amenities; each item given a value of 1.
cPresent household economic situation index was formulated based on 4 questions: - "Do you have enough money to cover family
needs now?" "At the present time, do you have any debts?" At the present time, to what extent do you have to postpone paying bills?" and "During 
the past school year, did you have to borrow money to cover family needs?".
dFood availability was based on the question: is there enough food for all family members on daily basis now?BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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Results from the multivariate regression analysis (Table 5)
showed that high STL was independently associated with
overweight/obesity in boys; while in girls only onset of
puberty was significantly associated with overweight/
obesity. No colinearity or significant interactions were
detected between variables in the models. Results from
multivariate regression analysis for underweight showed
that in boys, underweight was negatively associated with
high STL and onset of puberty; while in girls it was nega-
tively associated with residence in Ramallah governorate
and onset of puberty (data not shown).
Discussion
Results of selected height and weight measurements for
assessing nutritional status and their sociodemographic
covariates in a sample of Palestinian adolescents aged 13-
15 years from the two major West Bank governorates,
Ramallah and Hebron, are reported. The findings revealed
that conditions related both to overnutrition and under-
nutrition are present in these two governorates. Higher
prevalence of overweight/obesity was found among Ram-
allah adolescents compared to their counterparts in
Hebron and a higher prevalence among girls than boys in
both governorates is reported. The prevalence rates of
underweight and stunting were higher among boys than
among girls in both governorates.
Girls were slightly over-represented in the sample because
there were slightly more girls than boys in these two
grades in schools. Most of the students were in the 13 and
Table 4: Sample and population weighted results of stunting, underweight and overweight/obesity of Palestinian girls from Ramallah 
and Hebron governorates by sociodemographic characteristics (n = 1047)














Urban 176 1.9** 3.3 24.0 354 3.4 6.8 18.6
Rural 309 7.9 3.1 20.7 182 6.0 5.0 14.2
Age in years
13 207 5.6 1.9 22.1 150 6.0e 7.4 20.7
14 224 6.3 4.7 21.9 274 4.7 4.4 16.1
15 67 5.2 1.0 20.2 125 1.0 8.0 14.4
Mother's education
Low 355 6.0 2.6 22.2 413 5.1 6.3 16.4
Medium/High 139 5.2 4.6 19.4 109 0.9 6.5 17.4
Father's education
Low 287 5.7 3.5 23.8 347 4.6 6.3 17.8
Medium 88 6.5 1.7 15.7 85 4.7 7.0 13.0
High 115 5.9 3.1 19.2 89 2.2 5.6 14.6
Family size
1-6 persons 111 2.8 1.4 29.1e 59 5.1 5.1 18.4
7-8 persons 159 6.1 3.6 24.7 189 4.8 6.4 17.5
> 8 persons 216 7.0 3.5 16.9 277 3.6 6.5 15.5
Household STLb
Low 100 8.4 4.0 12.7e 176 7.9** 5.1 14.8
Medium 216 6.4 2.5 21.8 287 2.4 6.6 18.1
High 133 3.6 3.3 26.2 76 2.7 6.6 18.3
Present household economic situation indexc
Worse off 91 5.2 1.8 26.1 163 3.6 8.0 15.4
Medium 270 6.2 3.4 20.5 274 5.1 5.5 16.0
Better off 113 5.7 4.0 16.8 67 3.0 7.5 17.9
Food availabilityd
Not available 165 4.0 2.7 26.6 255 4.7 7.1 15.7
Available 327 6.8 3.3 19.0 269 3.7 5.6 17.4
Onset of puberty
No 100 15.6** 6.4 11.5** 84 10.6** 20.3 3.7***
Yes 389 4.2 2.5 23.5 465 3.0 3.5 19.3
*P < 0.05 **P < 0.01 *** P < 0.001
eP for trend < 0.05
aOverweight/obesity were defined using the 2000 CDC reference.
bHousehold standard of living index (STL) was based on the possession of 16 household amenities; each item given a value of 1.
cPresent household economic situation index was formulated d based on 4 questions: - "Do you have enough money to cover family needs now?" 
"At the present time, do you have any debts?" At the present time, to what extent do you have to postpone paying bills?" and "During the past 
school year, did you have to borrow money to cover family needs?".
dFood availability was based on the question: is there enough food for all family members on daily basis now?BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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the 14 years age groups because these are the most com-
mon age groups attending the 8th and the 9th grades. Fewer
of the 9th grade students, and less frequently 8th grade stu-
dents, would be in the 15 years age group. The proportion
of the younger age group (age group 13) was slightly
higher and that of the older age groups (14 and 15 years
age groups) was slightly lower in Ramallah than Hebron
because the proportion of 8th grade students in Ramallah
governorate was higher than that in Hebron governorate.
In our study, indicators of both present and past family
wealth were used. Closures of Palestinian areas, and recur-
rent curfews since the second Intifada in 2000 have led to
a rise in poverty [20] with 34% of Palestinians reported to
be food insecure in 2006 [21]. The STL index, reflecting
past wealth, is amenities-based and is similar to what has
been used in other surveys on adolescents [17,22]. It is
thought to be useful in this age group as many are unable
to provide substantive information on their parents' occu-
pation and income [23]. The amenities included in this
index are culture specific for Palestinians and are listed
among those used by PCBS for assessment of material
standards of living [24]. In contrast, the present house-
hold economic situation index, reflecting recent deteriora-
Table 5: Sample and population weighted results of the multivariate logistic regression models for the relationship between stunting, 
overweight/obesity and selected sociodemographic variables in a sample of 1942 Palestinian adolescents in Ramallah and Hebron 
governorates
Boys Girls
Stunting Overweight/obesitya Stunting Overweight/obesitya
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Region
Hebron 1 1 1 1
Ramallah 1.37 0.75-2.51 1.57 0.93-2.65 1.26 0.76-2.09 1.38 0.87-2.18
Residence
Rural 1 1 1
Urban 0.96 0.51-1.81 1.27 0.68-2.38 0.45 0.23-0.89*
Age in years
13 1 1 1 1
14 1.45 0.83-2.51 0.93 0.57-1.54 0.94 0.55-1.60 0.75 0.46-1.23









1-6 persons 0.57 0.23-1.40 1.78 0.97-3.28 1.42 0.82-2.47
7-8 persons 1.06 0.56-2.04 1.77 0.96-3.24 1.24 0.80-1.93
> 8 persons 1 1 1
Household STLb
Low 1 1 1
Medium 0.82 0.37-1.79 1.10 0.64-1.88 0.45 0.25-0.82*
High 0.94 0.35-2.53 2.08 1.19-3.63* 0.43 0.13-1.39
Present household economic situation indexc
Worse off 1 1
Medium 0.85 0.45-1.62 0.64 0.34-1.22





No 1 1 1 1
Yes 0.50 0.25-1.02 1.53 0.74-3.19 0.26 0.13-0.49*** 4.80 2.29-10.04***
OR: Odds ratios, 95%CI: 95% confidence intervals
*P < 0.05 **P < 0.01 ***P < 0.001
aOverweight/obesity were defined using the 2000 CDC reference.
bHousehold standard of living index (STL) was based on the possession of 16 household amenities; each item given a value of 1.
cPresent household economic situation index was formed based on 4 questions: - "Do you have enough money to cover family needs now?" "At the 
present time, do you have any debts?" At the present time, to what extent do you have to postpone paying bills?" and "During the past school year, 
did you have to borrow money to cover family needs?"
dFood availability was based on the question: is there enough food for all family members on daily basis now?BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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tion in wealth, was based on reports of current economic
hardships and financial coping mechanisms. The weak
correlation between STL and the present household eco-
nomic situation index (0.42) suggests that they reflect dif-
ferent aspects of family affluence.
Affluence and urban lifestyle are associated with a higher
prevalence of overweight in lower and middle income
developing countries [7]. This was the case in this study
where adolescents in Ramallah governorate had a higher
prevalence of overweight/obesity than in Hebron; proba-
bly due to higher standards of living [14]. Adolescents in
Ramallah had better indicators of economic situation
such as STL index and the present household economic
situation index. They also had better social indicators such
as smaller family size. Furthermore, the prevalence of
overweight/obesity was higher in urban areas and among
those with high STL and this was more pronounced
among boys. Similar associations of overweight among
boys with high family affluence scale were found in the
Palestinian HBSC study [12].
Overweight/obesity was higher among girls than boys. In
Palestine, boys are reported to be more physically active
than girls [25]. Cultural restrictions on girls imply that
they spend more time indoors and thus have easier access
to food. These findings are similar to those found in a
2002 North Gaza Strip study, in which 15.4% of the boys
and 20.2% of the girls aged 12-15 years were found to be
overweight/obese (using the 2000 CDC reference) based
on measured weights and heights [16]. However, the
validity of this comparison may be questionable now as
the economic situation has deteriorated considerably in
Gaza since 2002 [20]. An opposite trend in gender differ-
ence was found in the Palestinian HBSC survey conducted
among adolescents aged 12-18 years in 2003/2004 in the
West Bank and the Gaza Strip. This survey reported over-
weight/obesity (using IOTF criteria) of 20.4% among
boys and 13.0% among girls [12], while in our study the
corresponding percentages by the same criteria were
higher in girls (22.2% in Ramallah and 16.9% in Hebron)
than in boys (18.5% in Ramallah and 13.1% in Hebron).
One explanation might be that the Palestinian HBSC
study used self-reported weights and heights. Self-
reported data tend to underestimate overweight preva-
lence, especially among girls [26]. Moreover, the age
groups were different between the HBSC study and our
study, and the sample in our study was selected from only
two governorates in the West Bank while the HBSC study
was a national-level study in the West Bank and the Gaza
Strip. In the Palestinian HBSC study, 27.5% of the data
was missing for BMI. In contrast, there was no missing
data in our study.
A 2003-2004 national survey of Jewish and non-Jewish
Israeli school adolescents (aged 11-19 years) found that
among boys, the prevalence of overweight/obesity (using
the 2000 CDC reference), based on measured heights and
weights, was 19.6% for Jews and 22.6% for non-Jews
(mostly Arabs and Druze) while in girls it was 15.7% for
Jews and 20.3% for non-Jews [27]. Also in this case, the
gender difference was opposite to the findings in our
study. Such a comparison should also be taken with cau-
tion because of a much wider age range and sampling
frame in this study compared to our more limited study.
In Lebanon, boys in private schools (aged 12.5-15 years)
in 2002-2003 were found to have higher rates of over-
weight and obesity than girls using measured weights and
heights. The prevalence of overweight and obesity (using
IOTF criteria) among boys was 29.2% and 8.7%, respec-
tively. The corresponding figures for girls were 18.7% and
3.7%, respectively. Western feminine self-image and fears
of obesity were more marked among Lebanese girls than
boys [28].
Studies in the Gulf areas, enjoying higher standards of liv-
ing than the West Bank, showed a higher prevalence of
overweight/obesity than our figures. Some of these studies
showed higher prevalence of overweight/obesity among
boys and other studies showed higher prevalence among
girls. A study in 2003-2004 among Qatari adolescents
aged 12-17 years found a prevalence of overweight and
obesity based on measured weights and heights (using
IOTF criteria) of 28.6% and 7.9% among boys, respec-
tively and 18.9% and 4.7% among girls, respectively [29].
In contrast, studies in 2000 in Bahrain among adolescents
aged 12-17 years found a higher rate of overweight and
obesity among girls based on measured weights and
heights. The prevalence of overweight and obesity among
boys (using IOTF criteria) were 15.3% and 14.9%, respec-
tively while the corresponding figures for girls were 24.5%
and 17.9%, respectively [30].
As reported in other studies [22], overweight/obesity was
associated with family size. The mean family size in the
West Bank is 5.5 [11]; however, it was larger in our study
(8.1 in Ramallah and 8.9 in Hebron) as the sample repre-
sents a selected segment of families that have progressed
further into their life cycle.
The prevalence rates of underweight were lower in Ramal-
lah than in Hebron. Multivariate regression analysis
showed that underweight was negatively associated with
residence in Ramallah among girls and with high STL
among boys. Stunting rates were similar in both governo-
rates. Both underweight and stunting were higher among
boys than among girls in both governorates. The same
pattern between boys and girls of higher underweight
(7.0% versus 3.8%) and higher stunting (13.7% versus
6.2%) among boys was reported in the 2002 Gaza study
[16]. Similar patterns of higher underweight [29] and
higher stunting among boys [31,32] have been also foundBMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
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in other developing countries. Higher stunting among
Palestinian boys might indicate that they suffer from
micronutrient deficiencies as they are prone to make less
healthy food choices [25], or it could be due to age-spe-
cific differences in catchup growth between the sexes [33].
Stunting might also be associated with parasitic infections
as suggested by some studies in developing countries [34].
A recent study from Gaza strip showed that the prevalence
of intestinal parasites was 34.2% in children aged 6-11
years [35]. Since we neither could find recent data nor col-
lected such data in the West Bank, we may only speculate
if the higher prevalence of stunting in boys could be due
to higher risk of infections as boys spend more time out-
doors than girls. The prevalence of stunting among girls
was low in general, but it was relatively high among girls
living in rural areas and among those with low STL. Short
stature may have an impact on girls and their reproductive
outcomes; this may be even more important in the Pales-
tinian context given the young median age of first mar-
riage of 18 years and the high total fertility rate of 4.6 [10].
Onset of puberty was positively associated with over-
weight/obesity and negatively associated with stunting
and underweight. This might be explained by a larger pro-
portion of the well nourished amongst those who have
reached puberty in the sample. Similar association of
overweight/obesity with onset of puberty has been found
in other studies [16,22]. Although asking about Tanner
stage would have given a more precise measure of sexual
maturation, cultural taboos did not permit this.
Limitations
The study had certain limitations such as not including
adolescents out of schools. The sample was not a national
sample which makes it difficult to generalize the results to
the whole of the oPt and limits the opportunity to com-
pare our findings with similar data from other countries in
the region. The sample was based on 8th and 9th grade stu-
dents and the results reflect the prevalence of anthropo-
metric measures in these two grades only. The
corresponding age groups were mainly 13 and 14 years
old, while the age group of 15 years was relatively small.
Weights and heights were taken only once by one field
worker, so that some measurements errors might not be
accounted for.
The student's questionnaire was not validated, but some
questions were taken from the validated HBSC question-
naire [17] and field workers were present when adminis-
tering the questionnaire to explain questions when
needed. A pilot study was done and unclear questions
were modified. Moreover, the questionnaire was tested for
reliability (a 1-week test-retest). The measures for the
onset of puberty and household amenities had very high
agreement between test and retest. The 1 week test-retest
for the onset of puberty showed consistent answers in
92.3% in boys and 95.2% in girls, and that of the owner-
ship of household amenities showed consistent answers
ranging between 86.1% and 99.1%. Other strengths of the
study include the fact that actual measurements of the
weights and the heights were taken, its relatively large
sample size, single stage cluster sampling method, the
urban/rural distribution, and the high response rate. We
also studied the association with certain sociodemo-
graphic characteristics to identify the vulnerable groups
for malnutrition.
Conclusion
Our findings suggest that both overnutrition and under-
nutrition coexist in the study areas. This stage of nutrition
transition is similar to low income economies where both
under- and overnutrition coexist [36] and where overnu-
trition is more prevalent among the more affluent strata of
the society [7]. Both conditions may predispose to chronic
diseases later in life. Urbanization, poverty, limited
mobility and cultural restrictions on girls may all play a
role.
Future studies should address causes of overnutrition and
undernutrition among Palestinian adolescents with rele-
vance to preventive measures that could be instituted by
the Palestinian health system given its limited resources.
There is urgent need to improve nutrition to combat
stunting, and to raise awareness about overweight and its
associated health risks.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
NM contributed to the conception, design, data collec-
tion, analysis and interpretation of data, and drafted the
manuscript; HFA and GHO contributed to the concep-
tion, design, analysis and interpretation of data, and revis-
ing the manuscript. FA contributed to sample design,
analysis and interpretation of data. All authors gave
approval of the final version.
Acknowledgements
This study is a collaboration between Birzeit University and University of 
Oslo supported by a grant from the Norwegian Program for Development, 
Research and Education (NUFU) PRO X1 50/2002. We thank participating 
schools and Palestinian Ministry of Education and Higher Education and 
UNRWA Office of Education for facilitating field work. We are grateful to 
Alpha International for Research, Polling and Informatics for conducting 
field work and for statistical support.
References
1. Stabouli S, Kotsis V, Papamichael C, Constantopoulos A, Zakopoulos
N:  Adolescent obesity is associated with high ambulatory
blood pressure and increased carotid intimal-medial thick-
ness.  J Pediatr 2005, 147:651-656.
2. Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel
CW, Allen K, Lopes M, Savoye M, Morrison J, Sherwin RS, Caprio S:
Obesity and the metabolic syndrome in children and adoles-
cents.  N Engl J Med 2004, 350:2362-2374.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Public Health 2009, 9:485 http://www.biomedcentral.com/1471-2458/9/485
Page 12 of 12
(page number not for citation purposes)
3. Erermis S, Cetin N, Tamar M, Bukusoglu N, Akdeniz F, Goksen D: Is
obesity a risk factor for psychopathology among adoles-
cents?  Pediatr Int 2004, 46:296-301.
4. Gordon-Larsen P, Adair LS, Nelson MC, Popkin BM: Five-year
obesity incidence in the transition period between adoles-
cence and adulthood: the National Longitudinal Study of
Adolescent Health.  Am J Clin Nutr 2004, 80:569-575.
5. Overweight, obesity, and health risk. National Task Force on
the Prevention and Treatment of Obesity.  Arch Intern Med
2000, 160:898-904.
6. Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, Sachdev
HS:  Maternal and child undernutrition: consequences for
adult health and human capital.  Lancet 2008, 371:340-357.
7. Popkin BM, Gordon-Larsen P: The nutrition transition: world-
wide obesity dynamics and their determinants.  Int J Obes Relat
Metab Disord 2004, 28(Suppl 3):S2-9.
8. Popkin B: Part II. What is unique about the experiences in
lower and middle-income less industrialized countries com-
pared with the very-high-income industrialized countries?
The shift in stages of the nutrition transition in the develop-
ing world differs from past experiences!  Public health Nutr 2002,
5:205-214.
9. Husseini A, Abu-Rmeileh NM, Mikki N, Ramahi TM, Ghosh HA, Bar-
ghuthi N, Khalili M, Bjertness E, Holmboe-Ottesen G, Jervell J: Car-
diovascular diseases, diabetes mellitus, and cancer in the
occupied Palestinian territory.  Lancet 2009, 373:1041-1049.
10. Abdul-Rahim HF, Wick L, Halileh S, Hassan-Bitar S, Chekir H, Watt
G, Khawaja M: Maternal and child health in the occupied Pal-
estinian territory.  Lancet 2009, 373:967-977.
11. PCBS: Population, housing and establishment census 2007.
Final results in the West Bank-summary (Population and
housing).  Ramallah: Palestinian Central Bureau of Statistics, occu-
pied Palestinian territory; 2008. 
12. Al Sabbah H, Vereecken C, Abdeen Z, Coats E, Maes L: Associa-
tions of overweight and of weight dissatisfaction among Pal-
estinian adolescents: findings from the national study of
Palestinian schoolchildren (HBSC-WBG2004).  J Hum Nutr
Diet 2009, 22:40-49.
13. PCBS: Dissemination and analysis of census findings. Analyti-
cal report series (04). Characteristics of urban and rural
areas in the Palestinian Territory.  Ramallah: Palestinian Central
Bureau of Statistics, occupied Palestinian territory; 2003. 
14. Taraki L, Giacaman R: Modernity Aborted and Reborn. Ways of
Being Urban in Palestine.  In Living Palestine, Family Survival, Resist-
ance and Mobility under Occupation 1st edition. Edited by: Taraki L.
New York: Syracuse University Press; 2006:1-50. 
15. PCBS:  Palestinian children-issues and statistics. Annual
report 2008. Child statistics series (no.11).  Ramallah: Palestin-
ian Central Bureau of Statistics, occupied Palestinian territory; 2008. 
16. Abudayya A, Thoresen M, Abed Y, Holmboe-Ottesen G: Over-
weight, stunting and anemia are public health problems
among low socioeconomic groups in school adolescents (12-
15 y) in the North Gaza Strip.  Nutrition Research 2007,
27:762-771.
17. Currie C, Samdal O, Boyce W, Smith B: Health Behaviour in
school aged children: a World Health Organization Cross-
National Study.  Research protocol for the 2001/02 Survey. Edinburgh,
Scotland 2002.
18. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM,
Mei Z, Wei R, Curtin LR, Roche AF, Johnson CL: 2000 CDC
Growth Charts for the United States: methods and develop-
ment.  Vital Health Stat 11 2002:241-190.
19. Cole T, Bellezzi M, Flegal K, Dietz W: Establishing a standard def-
inition for child overweight and obesity worldwide: interna-
tional survey.  Br Med J 2000, 320:1240-1243.
20. Two years after London: Restarting Palestinian economic
recovery. Economic monitoring report to the ad hoc Liaison
committee   [http://siteresources.worldbank.org/INTWESTBANK
GAZA/Resources/AHLCMainReportfinalSept18&cover.pdf]
21. Comprehensive food and security analysis (CFSVA) West
Bank and Gaza Strip   [http://one.wfp.org/country_brief/
middle_east/palestinian_territory/assessments/CJFSVA_21_Feb.pdf]
22. Shi Z, Lien N, Kumar BN, Dalen I, Holmboe-Ottesen G: The socio-
demographic correlates of nutritional status of school ado-
lescents in Jiangsu Province, China.  J Adolesc Health 2005,
37:313-322.
23. Currie CE, Elton RA, Todd J, Platt S: Indicators of socioeconomic
status for adolescents: the WHO Health Behaviour in
School-aged Children Survey.  Health Educ Res 1997, 12:385-397.
24. PCBS: Palestinian Central Bureau of Statistics. Levels of living
in the Palestinian Territory. The final report (January, 2004-
January 2005).  Ramallah: Palestinian Central Bureau of Statistics,
occupied Palestinian territory; 2005. 
25. Al Sabbah H, Vereecken C, Kolsteren P, Abdeen Z, Maes L: Food
habits and physical activity patterns among Palestinian ado-
lescents: findings from the national study of Palestinian
schoolchildren (HBSC-WBG2004).  Public Health Nutr 2007,
10:739-746.
26. Sherry B, Jefferds ME, Grummer-Strawn LM: Accuracy of adoles-
cent self-report of height and weight in assessing overweight
status: a literature review.  Arch Pediatr Adolesc Med 2007,
161:1154-1161.
27. Nitzan Kaluski D, Demem Mazengia G, Shimony T, Goldsmith R,
Berry EM: Prevalence and determinants of physical activity
and lifestyle in relation to obesity among schoolchildren in
Israel.  Public Health Nutr 2008:1-9.
28. Chakar H, Salameh PR: Adolescent obesity in Lebanese private
schools.  European journal of public health 2006, 16:648-651.
29. Bener A: Prevalence of obesity, overweight, and underweight
in Qatari adolescents.  Food and nutrition bulletin 2006, 27:39-45.
30. Al-Sendi A, Shetty P, Musaiger A: Prevalence of overweight and
obesity among Bahraini adolescents: a comparision between
three different sets of criteria.  Eur J Clin Nutr 2003, 57:471-474.
31. Lwambo NJ, Brooker S, Siza JE, Bundy DA, Guyatt H: Age patterns
in stunting and anaemia in African schoolchildren: a cross-
sectional study in Tanzania.  Eur J Clin Nutr 2000, 54:36-40.
32. Mukuddem-Petersen J, Kruger HS: Association between stunting
and overweight among 10-15-y-old children in the North
West Province of South Africa: the THUSA BANA Study.  Int
J Obes Relat Metab Disord 2004, 28:842-851.
33. Coly AN, Milet J, Diallo A, Ndiaye T, Benefice E, Simondon F, Wade
S, Simondon KB: Preschool stunting, adolescent migration,
catch-up growth, and adult height in young senegalese men
and women of rural origin.  J Nutr 2006, 136:2412-2420.
34. Al-Mekhlafi MS, Azlin M, Nor Aini U, Shaik A, Sa'iah A, Fatmah MS, Ismail
MG, Ahmad Firdaus MS, Aisah MY, Rozlida AR, Norhayati M: Giardiasis
as a predictor of childhood malnutrition in Orang Asli children
in Malaysia.  Trans R Soc Trop Med Hyg 2005, 99:686-691.
35. Astal Z: Epidemiological survey of the prevalence of parasites
among children in Khan Younis governorate, Palestine.  Par-
asitol Res 2004, 94:449-451.
36. Jackson M, Samms-Vaughan M, Ashley D: Nutritional status of 11-12-
year-old Jamaican children: coexistence of under- and overnu-
trition in early adolescence.  Public Health Nutr 2002, 5:281-288.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/9/485/pre
pub